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FOREWORD

1. This handbook is approved for use by all Departments and Agenci es of the
Depart ment of Defense.

2. This handbook is for guidance only. This handbook cannot be cited as a
requirenent. If it is, the contractor does not have to conply.

3. Beneficial comments (recommendations, additions, deletions) and any
pertinent data which nay be of use in inproving this docunent should be
addressed to: Director, National |magery and Mappi ng Agency, ATTN. Doctrine
and Force Developrment Ofice/DF, Mil Stop P-37, 4600 Sanganore Road,
Bet hesda, MD, 20816-5003 by using the Standardi zati on Docunent | nprovenent
Proposal (DD Form 1426) appearing at the end of this docunment or by letter.
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1. SCOPE

1.1 Scope. This handbook provides information that is supplenentary to
the Performance Specification Geospatial Synbols for Digital Displays
(CGeoSym), M L-PRF-89045.

1.2 Purpose. This docunment serves a two-fold purpose. Section 4 contains
information that is historical in nature about the devel opnent of the GeoSym
product. This information is provided for the reader as an expl anation of the
obj ectives of GeoSym Section 5 contains infornmation about the user
environnent within which GeoSymis designed to be utilized. Section 6
contains technical information critical to the design of application software
that utilizes the GeoSym product.

1.3 Note. This handbook is for guidance only. Do not cite this document
as a requirenent. If it is, the contractor does not have to conmply.

2.  APPLI CABLE DOCUMENTS

2.1 General. The docunents listed below are not necessarily all of the
docunents referenced herein, but are the ones that are needed in order to
fully understand the information provided by this handbook.

2.2 CGovernnent docunents.

2.2.1 Specifications, standards, and handbooks. The foll ow ng
speci fications, standards, and handbooks forma part of this docunent to the
extent specified herein. Unless otherw se specified, the issues of these
docunents are those listed in the current Departnment of Defense |Index of
Speci fications and Standards (DoDI SS) and the suppl ement thereto.

SPECI FI CATI ONS
Mlitary

M L- PRF- 89045 Per f ormance Specificati on Geospati al
Synbols for Digital Displays (GeoSym,
Draft, 31 May 2000
M L- PRF- 89023 Digital Nautical Chart, 19 Dec 1997
Amendnent 1, 23 Feb 1999
M L- PRF- 0089037( NI MA) Di gital Topographic Data, 25 May 1999

M L- PRF- 89049/ 1 Foundati on Feature Data, Draft,
30 Nov 1998
M L- PRF- 89049/ 10 Tactical Ccean Data Level 0, 24 Nov 1998
M L- PRF- 89049/ 11 Tactical Ccean Data Level 1, 24 Nov 1998
M L- PRF- 89049/ 12 Tactical Ccean Data Level 2, 24 Nov 1998
M L- PRF- 89049/ 14 Tactical Ccean Data Level 4, date TBD
RFC NO1- 0194
M L- PRF- 89035 Urban Vector Map, 25 Apr 2000
M L- PRF- 89033 Vector Map Level 1, 1 June 1995
Amendnent 1, 27 May 1998
M L- PRF- 89039 Vector Map Level 0, 9 Feb 1995
InterimAnmendnent 1, 28 Sep 1999
M L- PRF- 89040A Vector InterimTerrain Data, 8 May 1996
M L- PRF- 0089049( NI MA) VPF Products, General Specification
24 Nov 1998
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M L- V- 89032 Vector Smart Map Level 2, Draft,
30 Sep 1993
Arendnent 1, 14 Jan 1994
Amendnent 2, 16 Sep 1994
Arendnent 3, 22 Dec 1994

M L- PRF- 89012A Worl d Vector Shoreline, 24 Aug 1999

PS/ 2BD/ 040 DMA Product Specifications for Bottom
Contour Charts (Al Series), 4" Edition,
March 1985

PS/ 2DA/ 013 DMA Product Specifications for Hull

Integrity Test Site (HITS) Charts, 2nd
Edi ti on, Decenber 1984
PS/ 2DA/ 010 DMA Product Specifications for Navy
Qperating Area (OPAREA) Charts, 1st
Edi ti on, Decenber 1984
STANDARDS

Mlitary

M L- STD- 2407 Interface Standard for Vector Product
For mat

(Copies of the mlitary specifications above nay be obtained from N MA
A PS, ATTN. Content Standards & Interoperability Division, Miil Stop P-24,
12310 Sunrise Valley Drive, Reston, VA 22091-3449. Al other mlitary
standards and specifications are available fromthe DoD Single Stock Point
(DODSSP), Bldg. 4D, 700 Robbi ns Avenue, Phil adel phia, PA 19111-5094.)

2.2.2 Oher governnent docunents, draw ngs, and publications. The
foll owi ng other governnent docunents, draw ngs, and publications forma part
of this docunent to the extent specified herein. Unless otherw se specified,
the issues are those cited in the solicitation.

Synbol ogy and Annotation for Maps and I nmagery (SAM) CGM profile of the
| SO | EC 8632-1 CGM Standard. (This profile is not yet registered with
the 1S0.

(Copi es of the above publication are available fromthe National |nmagery
and Mappi ng Agency, ATTN. ATTN, C. Harnon, Ml Stop D-65, 4600 Sanganore
Road, Bet hesda, NMD 20816-5003.)

2.3 Non- Governnent publications. The follow ng docunents forma part of
this docunent to the extent specified herein. Unless otherw se specified, the
i ssues of the docunents which are DoD adopted are those listed in the issue of
the DODISS cited in the solicitation. Unless otherw se specified, the issues
of docunents not listed in the DODISS are the issues of the docunments cited in
the solicitation.

| SO | EC 8632-1. 1987 (E). International Organization for

St andardi zation I nformation Processing systens - Conputer graphics -
Metafile for the storage and transfer of picture description information
Functional Specification- First edition, 1987.

| HO S52. 1996. International Hydrographic Organization Specifications
for Chart Content and Display Aspects of ECDIS. Special Publication No.
52. 5th Edition, Decenber 1996.
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| HO S57. International Hydrographic O ganization Transfer Standard for
Di gital Hydrographic Data. Edition 3.

SAE ARP5289. The Engi neering Society For Advancing Mbility Land Sea Air
and Space International. Aerospace Recommended Practice. Electronic
Aeronautical Synbols. Cctober 1997.

(Application for copies should be addressed to the Anerican Nati onal
Standards Institute, 1430 Broadway, New York, NY 10018.)

2.4 Oder of precedence. In the event of a conflict between the text of
this docunent and the references cited herein (except for related associated
detail specifications, specification sheets, or M5 standards) the text of this
docunent takes precedence. Nothing in this docunent, however, supersedes
applicable laws and regul ati ons unl ess a specific exenption has been obtai ned.

3. DEFINTIONS

3.1 Terns Refer to ML-PRF-89045 for a definition of the terns used in
t hi s docunent.

3.2 Acronyns

ASCI | Anerican Standard Code for Infornation Interchange
cav Conput er Graphics Metafile

CLD Centerline Data

coL Character of Light

COors Commerci al - of f-t he-shel f

DNC Digital Nautical Chart

DCS Di sk Operating System

DPI Dots per inch

DTOP Di gital Topographic Data

ECDI S El ectronic Chart Display and Information System
ESRI Envi ronmental Systens Research Institute, Inc.
FACC Feature Attribute Coding Catal ogue

FLI P Flight Information Publication

as Geographic Infornmation Systens

| HO I nt ernati onal Hydrographic O gani zation

| NT International Chart

MEDS M ssion Essential Data Set

NAM Name

NI VA Nati onal | magery and Mappi ng Agency

RGB Red G een Bl ue

RDBMVS Rel ati onal Dat abase Managenent System

SAI C Sci ence Applications International Corporation
SAM Synbol ogy and Annotation for Mapping and | nmagery
SGD Synbol i zed Graphic Data

SSC Structure Shape Category

TLM Topogr aphi ¢ Line Map

TOD Tactical Ccean Data



UVMap

VI TD
VAP
VPF™

W/S
WYSI WG
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Urban Vector Map

Vector Product Interim Terrain Data
Vect or Map
Vect or Product For mat

Worl d Vect or Shoreline
What - You- See- | s- What - You- Get
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4. ELEMENTS OF CGEOSYM DEVELOPMENT

4.1 Design Criteria. bjectives of the GeoSym devel opnent effort were:

e To devel op a standardi zed, user-oriented presentation that facilitates
map anal ysis

e To develop a cross-product digital synbolization standard that supports
nmul ti pl e- products

e To utilize the Conputer G aphics Metafile ("CGVM') format for storage and
exchange of synbol ogy graphics

The followi ng National |nmagery and Mappi ng Agency (N MA) VPF™ products are
i ncluded within the scope of the GeoSym Prototype 4.

Digital Nautical Chart (DNC®)
Foundati on Feature Data (FFD™
Tactical Cceanic Data Level 0 (TOD™0)
Tactical Cceanic Data Level 1 (TOD™)
Tactical Cceanic Data Level 2 (TOD™)
Tactical Cceanic Data Level 4 (TOD™)
Urban Vector Map (UVvMap™

Vector InterimTerrain Data (VI TD™
Vector Map Level 0 (VMap™0)

Vector Map Level 1 (VMap™)

Vector Smart Map Level 2 (VMap™)

Worl d Vector Shoreline Plus(WSPLUS®)

These products have a broad range of scales and feature content. Therefore,
the design for a synbology standard had to address the differences anong (or
utilize the simlarities between) products. As a consequence, several aspects
of digital synbol ogy were considered:

e Dynanic display scale
Variable lighting conditions
Di spl ay hierarchy
Use of col or
Use of text

The design objectives and the aspects of digital synmbol ogy which needed to be
considered fornulated the basis of the design criteria. These criteria are
reviewed in the follow ng subsections and resulted in the devel opnent of
quality digital synbolization across all identified products.

4.1.1 User-Oiented Presentation Map design is nore conplex in the
digital realm as the traditional cartographic controls (map purpose,
audi ence, scale) are increasingly nore varied. The intended use of the map
shoul d nonet hel ess al ways be a fundanental determinant in the selection of the
graphi c el ements and how the data are portrayed.

Digital VPF™M data provide nore versatility than a static paper map product,
as the nap viewers can take part in the map design. Unlike a hardcopy
product, which is often |oaded with data in an effort to present as nuch

i nfornati on as possible for all users, the digital map viewer has the
flexibility to custonize the anmpbunt and type of data that are presented (and
may even nodi fy the synbology). This offers the possibility for the creation
of application-specific map displays (for exanple, a |and navigation display,
an air navigation display, a terrain analysis display) fromthe same (or
multiple) feature data sets. \Whereas a paper map nust be all things to al
readers (the tailoring for a specific application requires the reader to
mentally filter out the undesired information), the digital map display can
provi de many different views based on the reader’s application and interest.
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4.1.1.1 User-Defined Synbology Standard synbol ogy provides a
standardi zed presentation of VPF data that satisfies many general user
applications and provides a reference inplenentation for devel opers. However,
to maxim ze the potential for digital map anal ysis anmong a varied audi ence,
the capability for creating custon zed displays w th user-defined synbol ogy
shoul d al ways remai n an option

User assignnment and nodification of symbol ogy may be inportant for
acconpl i shing various analytical tasks. However, it is inportant to enphasize
that in a navigation application, user nodification of synbol ogy could present
a hazard to a ship or aircraft and should be restricted. Users who wish to
nodi fy the standard symbol ogy shoul d be forewarned that nodifications nay

i mpact others in a nmultiple-user view ng environment.

4.1.1.2 Use O Query One advantage of digital products over hardcopy
map products is the varied anbunts of feature/attribute infornmation and
textual descriptions that can be stored within the data itself. Users of
digital VPF data nay query the database to obtain conplete attribute
i nfornati on on selected features. This capability was particularly inportant
when devel oping the digital synbology for the follow ng reasons:

e To reduce display clutter by mnimzing the anount of text displayed

e To reduce the nunber of unique synbols for features that have extensive
attribution (such as buildings) a generic synbol can be used. Then a
user can query for the specific attribute informati on pertaining to that
feature.

4.1.2 Miltiple-Product Displays Standardized digital synbol ogy shoul d
provide for a consistent synbolization presentation supporting the capability
to view nultiple products sinmultaneously. Adherence to a functional
mul ti pl e-product digital synbol ogy standard ninimzes uni que, product-specific
synbol i zati on applications and linits inconsistencies that hinder the user’s
ability to recognize the nap el ements and anal yze the data in the nost
efficient manner. \Whenever necessary, product-specific exceptions took
precedence over the overall objectives of a cross-product synbolization
st andar d.

Users of NI MA lithographic map products are famliar with the standards that
are enployed specifically for a particular map product and, initially, my
prefer a digital map display which sinulates the ook of the nmore-famliar
lithographic products. On traditional N MA printed products, specific synbol
assignnments are made to features, taking into account the product type and
purpose, specific attribution, and product scale. For exanple, a nautica
chart is significantly different froma Topographic Line Map (TLM, even when
the feature content overl aps.

Hi storically, there has been no real effort to ensure consistency across
product lines, and the synbology in nany cases is rooted in tradition and the
speci al needs of the users. Developing a cross-product synbol ogy standard is
a challenge both froma design standpoint and froma user acceptance

st andpoi nt . Consequently, users nay have to reconsider sone traditiona
synbol i zati on techni ques.

4.1.2.1 Product Scale and Generalization. Variations in the level of
generalization across the identified VPF™ products are due to the variations
in scale. The delineation of features appropriate for a particular |evel of
generalization varies. Many exanples of this are shown in Appendi x A of ML-
PRF-89045. For exanple the built-up area feature (FACC AL020) is represented
as either a point or area on the DNC product and as an area on the VMap Level
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2, WMap, and VITD products. It is likely that in the event that nultiple-
scal e products are displayed sinmultaneously, the appearance of duplicate
features of the same delineation type and |like features of different
delineation types may present a confusing display. |In this situation, the
user needs the capability to custom ze the display view to include only a
sel ect set of features from each product (or, the display software nay be
designed to do this automatically based on a set of display conditions).

4.1.2.2 Use of Color N MA printed products have distinctive, product-
specific color palettes. Nautical products generally are characterized by the
enphasi s on open water areas and use white instead of blue to portray safe
deep-wat er areas. They al so enploy bright magenta and purple to draw the
user's attention to inportant features, such as anchorages, buoys, l|ights,
routes, nmaritime limts, and restricted areas. |In contrast with N MA
t opographi ¢ products, the colors assigned to | and features (such as roads,
rivers, and vegetation) are subdued (and generally all black) so as not to be
visual | y prom nent.

Anot her exanpl e of product-specific synbology is the use of red to nunber
maj or conmmercial and industrial buildings on the NIMA Gty G aphic product.
The red conpl ex areas and red text used for the building identification
nunbering system should be the nost visually pronminent el enment of the display.
Bl ack is only used on the Gty Gaphic product for text, and the roads and
buil dings are tan so they are nore subdued in the visual hierarchy of the

di spl ay.

A standardi zed color table that is applicable across the suite of identified
VPF products is necessary in order to provide an intelligible and consi stent

di spl ay when viewing nmultiple product types sinultaneously. The use of a
standard cross-product color palette, rather than a product-specific color
schene, requires that some users adapt to a digital display which differs from
t he paper map products to which they are accustoned. Nonetheless, the prinary
choice of colors for the cross-product color palette was based on those colors
enpl oyed on NI MA hardcopy charts. Wen conbined with the application of solid
color area fills, and the use of a "paper" white background color this
contributes significantly to the aesthetic, "map-like" quality of the digita
di splay. However, the use of digital cartographic products in different
environnents and conditions requires that synbol ogy be able to nmaintain its
useful ness in various lighting and environnmental conditions.

4.1.3 Lighting Conditions As the use of VPF™ data becones nore
preval ent, the VPF synbol ogy nust accomodate different types of user
environnents. Viewing conditions do vary in the type and quality of anbient
light. Also affecting viewing conditions is the anmount of view ng distance
bet ween the user and the screen. For the GeoSym prototype effort, it was
necessary to conply with the view ng specification prescribed in the
El ectronic Chart Display and Infornmation System (ECDI'S) described in the
I nt ernational Hydrographic O ganization (IHO Col or and Synbol Specifications
for ECDIS (S52, Appendix 2). User environnents identified in this publication
i ncl ude:

Bri ght Sun (DAY_BRI GHT)

Day — Wite Background (DAY _VH TEBACK)

Day - Bl ack Background (DAY — Bl ack Background)
Dusk

Ni ght — (For use with Filter)

The ECDI S di splay requires that synmbol ogy be versatile across display devices

in various specified anmbient |ighting conditions. Because of this

requi renent, IHO ECDIS synbols nake use of a token systemwi thin the synbol ogy
used. Tokening allows for the nodification of the color characteristics of a
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particular feature based on lighting condition. Due to the different
interpretations of RGB val ues over particular displays |IHO defines the color
tokens in the Comm ssion International de |I’'Eclairage (CIE) system of
colorimetry. The application of the color token allows a great deal of
flexibility for those synbols defined. The need for such flexibility is a
requi renent of ECDI S which nmandates that synbols be nade avail able for optinal
viewing in nultiple lighting conditions. Wthout having to maintain a

di fferent synbol set for each lighting condition, the exanples provided from
t he 1 HO document supply several token-based color tables. A token acts as a
slot for assigning defined CIE colors for a given anbient |ight condition

Table 1 shows the col or tokens and corresponding Cl E val ues for the DAY_BRI GHT
color table described in IHO S-52, Appendix 2, Annex A. For GeoSym synbol
creation, the RG val ues corresponding to the CIE values from Table 1 were
used as default colors for synmbol creation and viewi ng on the screen (see ML-
PRF- 89045, Appendi x C).

TABLE 1 - Col or Tokens Established Wthin | HO S-52
TOKEN COLOR X Y ' LUM NANCE
NCDTA GREY 0.28 0.31 45. 00
CURSR ORANGE 0.52 0. 39 28. 00
CHBLK BLACK 0.28 0.31 0.00
CHGRD GREY 0.28 0.31 25.00
CHGRF GREY 0.28 0.31 45. 00
CHRED RED 0. 48 0. 30 25.00
CHGRN GREEN 0. 30 0.52 60. 00
CHYLW YELLOW 0.41 0. 47 70. 00
CHMGED MAGENTA 0. 30 0.17 20. 00
CHMGF MAGENTA 0.28 0.24 48. 00
CHBRN BROWN 0.42 0. 45 30. 00
CHWHT VWH TE 0.28 0.31 80. 00
SCLBR ORANGE 0.52 0. 39 28. 00
CHCOR RED 0.52 0. 39 28. 00
LI TRD MAGENTA 0. 48 0. 30 25.00
LI TGN GREEN 0. 30 0.52 60. 00
LI TYW YELLOW 0.41 0. 47 70. 00
| SDNG MAGENTA 0. 30 0.17 20. 00
DNGHL RED 0. 48 0. 30 25.00
TRFCD MAGENTA 0. 30 0.17 20. 00
TRFCF MAGENTA 0.28 0.24 48. 00
LANDA BROWN 0. 36 0. 40 49. 00
LANDF BROWN 0. 45 0. 45 15. 00
CSTLN GREY 0.28 0.31 10. 00
SNDGL GREY 0.28 0.31 25.00
SND&2 BLACK 0.28 0.31 0.00
DEPSC GREY 0.28 0.31 10. 00
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TABLE 1 - Col or Tokens Established Wthin IHO S-52 (continued)

TOKEN COLOR X Y LUM NANCE
. |

DEPCN GRE 0.28 0.31 25.00
DEPDW GREY 0.28 0.31 80. 00
DEPMD PALE_BLUE 0. 27 0. 30 65. 00
DEPMS LI GHT_BLUE 0.24 0. 26 55. 00
DEPVS VED_BLUE 0.22 0.24 45. 00
DEPI'T YELLOW GRN 0.28 0. 36 40. 00
RADHI GREEN 0.30 0.52 60. 00
RADLO GREEN 0.30 0.52 20. 00
ARPAT GREEN 0. 26 0.42 30. 00
NI NFO ORANGE 0.52 0.39 28. 00
RESBL BLUE 0.18 0.15 22.00
ADI NF YELLOW 0.41 0.47 35. 00
RESGR GREY 0.28 0.31 25.00
SHI PS BLACK 0.28 0.31 0.00
PSTRK BLACK 0.28 0.31 0.00
SYTRK GREY 0.28 0.31 25.00
PLRTE RED 0. 58 0.35 18. 00
APLRT ORANGE 0.52 0.39 28. 00
U NFD BLACK 0.28 0.31 0.00
U NFF GREY 0.28 0.31 25.00
Ul BCK VH TE 0.28 0.31 80. 00
U AFD MVED_BLUE 0.22 0.24 45. 00
U NFR RED 0.48 0. 30 25.00
U NFG GREEN 0.30 0.52 60. 00
U NFO ORANGE 0.52 0.39 28. 00
U NFB BLUE 0.18 0.15 22.00
U NFM MAGENTA 0.30 0.17 20. 00
Ul BDR GREY 0.28 0.31 25.00
U AFF BROWN 0. 36 0. 40 49. 00
QUTLW BLACK 0.28 0.31 0.00
QUTLL BROWN 0. 36 0. 40 49. 00
RESO1 GREY 0.28 0.31 45. 00
RES02 GREY 0.28 0.31 45. 00
RESO3 GREY 0.28 0.31 45. 00
RESO4 GREY 0.28 0.31 45. 00
RES0S5 GREY 0.28 0.31 45. 00

The requirenent for the GeoSym devel opment mandat ed that the synbol ogy

devel oped for all hydrographic products be ECDIS conpliant. |t was necessary
to consider the best approach as to how to inplenment the col or token concept
for hydrographic products, and yet mamintain the usability of symnbol ogy created
for non-hydrographic VPF products. The use of indexed color, along with the
definition of all color within the synmbol graphic in RGB values for typica

vi ewi ng di splays has proven the best approach. Refer to section 5.5 for an
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expl anati on of how view ng software can access the correct RGB or col or token
for the display of GeoSym synbols.

4.1.4 Dynamic view scale The capability to “zoomin” and “zoom out”

all ows the user to enlarge or reduce the geographic extent that is displayed
in the view window. Each tine the area being viewed is enlarged or reduced,
the display is redrawmn. This has the sane effect as changi ng the view display
scale. Using the zoom conmand can be conpared to using a magnifying glass on
a paper nmap to focus on a snaller area, in that the area under magnification
contains no nore data than it did previously. Simlarly, when zoonmng in, the
enl arged magnified view that is redrawn does not change the product accuracy
or extraction scale (e.g., no nore data appears than that which was originally
di spl ayed at the smaller-scale view).

Users nust be aware of the accuracy of the product data and be cauti oned not
to msinterpret the accuracy of large scale display views. Sone exanples
which illustrate this issue further are provided in the follow ng paragraphs.

The first exanple applies to a cartographic design or analysis scenario. It
is arelatively conmon practice for nap users to nentally translate the map
scale into a conmon unit of neasure. For exanple, at the scale of

1:1, 000,000, 2 nmon the map represents a 2,000 nmeter ground distance. Mp
users experienced with a particular product |earn to associ ate an approxi nate
| evel of generalization and accuracy with that product (Robinson:46). On a
1: 1, 000, 000 scal e ONC product, the specifications require that features are
positionally accurate to (+/-) 2,000 neters, which translates into a 2 nm nap

unit distance. |If the size of a point synbol is 1 mm a nap user nmy assune
that the synbol is horizontally accurate within a circle of 2 nmcentered
around t he point symbol. However, if a user zoons in 10x (to a 1:100,000

di splay scale) and the point synbol size renmains constant at a 1 nm size on
the display, then at the new | arger view ng scale, the point feature appears
to represent only 100 neters of ground space, even though it is still only
accurate to within (+/-) 2,000 nmeters fromits center. Wen zoonming into

di splay scales that are much larger than the product scale, the nap user can
no | onger assune that the horizontal accuracy of the point synbols falls
within a reasonably close (i.e., 1 mm proximty of the center of the symbol.

A second exanpl e concerns the use of map background di splays for navigation
Suppose the nariner has the display scale of a navigation display set such
that the area being viewed is 10 nautical mles (nm by 10 nm offering a good
overal | presentation of shipping and navigation hazards in the i mredi ate
vicinity. Suppose the mariner then zooms in to a viewof 1 nmby 1 nmand the
poi nt synmbols (e.g., buoys and other navigation aids) remain the sane size as
they were in the 10 nmby 10 nmdisplay. In the absence of other cues, this
may present the illusion that the display is set to the sane scale as
previously, giving the nariner a fal se sense of security when there nmay
actual ly be unseen hazards to his ship in his inmmediate vicinity.
Alternatively, if the point synbols becane proportionately |arger as the

mari ner zooned in, they would offer a cue that he was actually viewing a very
smal | geographi c area.

A third exanpl e concerns display synbolization for spatial data anal yses that
m ght be acconplished in a GS. In an analytical environnent, the user would
typically desire point synbolization in order to facilitate feature
identification. Zooming in on the display would discern greater detail about
t he geography di splayed (e.g., details of coastlines, area features, etc.) and
to elimnate sone clutter on the display by limting the quantity of features
di spl ayed

The above exanples illustrate that there mght be a need for scal abl e synbol s,
fixed size symbols, or scale-driven synbol changes based on specific
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applications. For the | ast exanple, point symbols that scale up in size as
the display is zoomed in would not contribute to the view of the geography and
woul d actually cause greater clutter. In such an analytical situation, the
user woul d probably desire that the point synbols renain a consistent size
when zooning in. Wen zoom ng out, however, the user mght actually desire
that the synbols change to a different representation, such as small circles
or dots, in order to reduce clutter as nore features are added to the display.
On the converse, for situations simlar to the first two exanples, the display
needs to mnic what happens when a magnifying glass is used with a paper nmap

t he synbol enlarges proportionately with the area under the magnifying gl ass.
The 1mm synbol on a 1:1, 000,000 scal e product should always be 1,000 neters in
ground units regardl ess of the zoomfactor, (i.e. in order to cover 1,000
meters of ground distance at a 1:100,000 view ng scale, the synbol would need
to be 10 nm.

Dynami c vi ew di spl ays have a dranmatic effect on the visual clarity and
ef fectiveness of all synbolization. In particular, point synbols (even
sinplified shapes) can becone unreadable at small display view scal es.

O these display issues, the GeoSym product currently only addresses the “zoom
out” scenario for hydrographic products, where the viewer wishes to switch to
a different, sinplified set of synbols. GeoSymincludes both full chart

synbol definitions (for all VPF products), as well as a set of sinplified
synbols (for DNC and TODO/1/2 only). The user nmay toggle between the two
synbol sets at his discretion. The other issues in regard to view ng scale
are still under discussion at NIMA and are not resolved by this version of
CGeoSym

4.1.5 Visual display hierarchy. An inportant characteristic of visua
perception, known as the figure/ground phenonenon, often is used by
cartographers as a fundanmental design tool for organizing a map displ ay
(Dent:127). Essentially, humans tend to autonmmtically segregate el enents in
their visual field into figures (objects that stand out and have form and
grounds (anor phous backgrounds). Any nap design, including a digital map
display, will be nore effective when the graphic elenents such as contrast,
color, and overlay are used to create a visual hierarchical organization of
the map conponents. Visual confusion results froman undifferentiated
di splay. For exanple, the application of a solid color area fill for water
bodi es and | and nmasses can greatly enhance the figure/ground devel opnent and
improve the clarity of the map display. For this reason, the use of solid
color area fill is recomrended, and is considered a fundanmental capability
necessary for establishing a visual hierarchy, as well as adding a nore
graphic, map-like quality to the digital display.

The digital presentation of map information also requires that a sequenti al
order be defined for the display of the features, not only to present a

| ogi cal organi zation of the data but also to prevent destructive overwite
during the display update. For exanple, in the VPFView software, the
"painter's algorithm' or display priority for VPF feature classes, follows in
this order: areas, lines, points, and text. Wthin each class, the thenes
are drawn in the order in which they were selected during the creation of the
views. Once a viewis created, users need to be aware that nodifications to
t he synbolization could adversely affect the display priority and potentially
di srupt the view. For other applications, the use of a display priority val ue
sets the display priority for a feature irrespective of the feature’'s
delineation. GeoSymutilizes a conbination of the “painter’s algorithni, an
assigned display priority (ranging fromO to 9, with nine being the highest
priority), and the ordering of the rows in the synbol assignnent table to
control the order that features are displayed on the screen. See section 6.5
for a detail ed description of how these display control nechani sns are
utilized in GeoSym
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4.1.6 Color. The color schene used for the nap display is effective
when it organizes the data and facilitates user recognition of features.
Color is a fundanental design el enent and, when used properly, is a primry
element in feature identification on the digital display. Care nust be given
to the selection of the color palette and to the effects of col or conbi nations
that can occur when col or assignnents are nade for areas, |ines, points, and
text. In general, lighter, "easy on the eye" colors should be used for
background area feature di splays and strong colors |ike magenta and bl ack
should be linmted to snall areas. The choice of colors simlar to those
enpl oyed on NI MA hardcopy charts can contribute nuch to the aesthetic, "
like" quality of the digital display.

map-

In addition to general color selection, however, one nust also consider the
changes to col or val ues over nmap regions with changes in anbient |ighting
conditions. A great deal of study has gone into the col or designations for
synbol ogy in various lighting conditions. The creation of synbol ogy based on
the 1 HO col or token definitions ensures that the col or designations and
dynam ¢ harnmony are naintained.

The use of a white background and solid color area fills allows the use of

bl ack for synbols and text. Black is a very effective color for text and sone
synbols since it is very distinguishable (when conbined with any other col or)
and is not prone to color induction. This is desirable when the digita

di splay can potentially include a variety of col or conbi nati ons between
features.

The GeoSym digital synbol ogy uses many conventional cartographic and synbolic
aspects of color to achieve a nmap-1like display, such as green for vegetation
blue for water, brown for land forns, and red for inmportance. In addition, the
| HO (I HO 36) recommendati ons for general display colors were used as a
starting point for the colors defined within created CGM synbol ogy. Note that
for hydrographic products, the color token indices will instead be used as the
basis for color selection depending on the anbient lighting condition setting
defined by the user.

4.1.7 Text Cutter can be defined as any nap data that inpede the
conmuni cati on objective of the map because the data are illegible or contain a
| evel of detail that is inappropriate for the display. The problem of
reducing clutter in a digital display is an issue that nust be resolved to
provi de effective nap displ ays.

The hardcopy synbol ogy standard (M L-STD-2402) is “text intensive” in that it
enpl oys an abundant use of text for synbol identification. Many features are
represented with the sane synbol. Consequently, the use of text to accompany
the synbol is necessary for feature identification (although the proximty of
ot her features/synbols may provide other clues in the data to assist in
identification). For exanple, nunerous features, such as wecking yards,
power plants, windnills, substations, grain bins, grain elevators, forts, and
bui | di ngs, can be synbolized by a small, black, square-point synbol. There
al so are nunerous applications for a thin, black, dashed-line synbol:
fairgrounds, athletic fields, firing ranges, stockyards, mines, and scrap

yards. |In these instances, trying to replicate the hardcopy synbol ogy,
conplete with text, for digital display view ng would not be successful
Conmput er display technology is still far fromreplicating the resol ution of

printed media. To be legible, text nust be larger on the screen than on
paper. Consequently, nunerous features requiring |abels yield a cluttered,
anbi guous di spl ay.

Di gital VPF™ products have an advant age over hardcopy products because
varying anounts of feature/attribute information and textual descriptions are
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stored in the data dictionary. Previous studies (Dodd, 1991; SAIC, 1996: 29;
and SAIC, 1993:8) have concluded that nore effective, less cluttered screen

di splays result frommnimzing the use of text. Dodd recomends that users
of digital VPF data rely on cursor inquiry and the use of queries to obtain
conplete attribute informati on on selected features. The Dodd reconmendati ons
regardi ng text were adopted for the GeoSymdigital synbol ogy.

However, in sonme cases, the use of cursor inquiry to display textua
information is cunbersone, if not inmpractical, in fulfilling the requirenents
of the user. A prinme exanple of this situation is seen in the treatnent of
sounding information. It is difficult to inagine the relative usefulness of a
hydr ographi c chart where soundi ngs are di splayed as a generic synbol whose

val ue nust be obtained only after cursor inquiry -- for each sounding. In
this case, a provision for the display of text information nust be nade.

Refer to section 6.4.1.5 for an explanation of howto utilize the text |abels
defined in GeoSym

4.2 Methodol ogy. The devel opnent of the GeoSym synbol ogy has been an on-
goi ng process. Key objectives were to focus on prior synbology efforts and
address any inportant findings or recommendations for the general inprovenent
of the GeoSym Synbol ogy. The level of illustrative graphic detail in the
synbol that is necessary for feature identification is subject to the
technical limtations of the software and display capabilities. \Whether
synbols are replicated from existing standards or new synbols are designed,
enpirical testing is necessary to evaluate the clarity and legibility of the
synbol s at various display view scal es.

4.2.1 Synbol Selection. To facilitate synbol selection, the follow ng
priorities were established and utilized for each VPF™ product.

e 1st priority: Product Mssion - Synbol selections were nade such that
the m ssion of the product would be supported in the best possible
fashion. For this reason, there are sonme instances where a certain
feature may be synbolized differently fromone product to the next for
products with non-simlar product nissions.

e 2nd priority: Consistency within each product - Synbol selections were
made such that non-simlar features did not inadvertently receive the
same or simlar synbology. The intent here was to provide contrast
bet ween non-simlar features within the same product. Conversely,
simlar or identical synbology was used for features that were sinmlar
where contrast was not preferable. For exanple, a nmine feature and a
quarry feature would receive the sane or simlar synbol ogy whereas a
built-up area feature would receive contrasting synbol ogy.

e 3rd priority: Consistency with other products - Synbol selections were
made such that features would be synbolized in a consistent nanner anbng
all products. The intent here was to ease the transition from one
product to another in cases where nultiple products are used in
conjunction with one another. An additional benefit of this is the
reduction in the total number of synbols that nmust be created and
mai nt ai ned, and the nunber of synbols with which the users nmust becone
fam liar.

e 4th priority: Conpliance with applicable governnent synbol ogy standards
docunent (s) - Several Mlitary Synbol ogy Standards were utilized to
sel ect synbols that net the first three priorities (see section
4.2.1.1). \Wenever possible, synbols were selected that were conpliant
with the applicable governnent standard for that feature. Non-conpliant
synbol ogy sel ections were nade only in cases where conpliant synbol ogy
conprom sed any or all of the previous priorities.
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The synbol sel ection process was performed separately for each product. The
first step taken in this process was an eval uati on of each feature and its
associated attributes for the product being reviewed. This evaluation was
based on the appropriate VPF™product specification. Based on the nission of
the product, a determ nation was nmade as to which attributes, if any, would
drive the synbology for a given feature. For exanple, a nmine feature nay not
have attributes driving the symbol ogy, whereas building features can be
differentiated by the building function category (BFC) attribute. The
appropriate nmilitary synbol ogy standard docunent was reviewed to help
determ ne which attributes, if any, should drive synbolization. |If
attribution was driving the synbol for a particular feature, attribute val ues
were then logically grouped, if necessary, and associated with a particular
synbol. If there was no attribution driving the synbol ogy, then an
appropriate synbol was selected for the feature

Once the synmbol selection for all features in each of the products was

conpl ete, the synbols selected for each product were conpared on a feature by
feature basis to sane or sinilar features in other products. Adjustnents were
made whenever possible to provide consistency in synbol selection across
products.

4.2.1.1 Mlitary Standards for Synbol Selection Because the need for
DNC synbol ogy was critical, DNC was the first product reviewed for the GeoSym
prototype effort. This becane the DNC nini-prototype effort. The synbol ogy
prototype was tasked with the devel opment of synbol ogy that was conpliant with
ECDI S as defined in the 1HO S-52. The synbol ogy and gui dance presented within
this publication were used as the guideline for the definition and sel ection
of synbols as well as feature attribute expressions for hydrographic features
for GeoSym For the DNC product, feature attribute expressions which were
derived fromI|IHO S-57 and correlated with DNC drove the synbol sel ection
process. For subsequent hydrographic products, such as LWD*, TOD and WSPLUS
the DNC mini -prototype, the IHO Presentation Library, and the appropriate Navy
hardcopy charts (OPAREAS, HI TS, BC) were used as guidelines for synbol
creation and sel ection

Synbol sel ection for topographic/terrain or |and based features was based on
Mlitary Standard M L-STD 2402. The topographic products reviewed incl uded
UVMap, VMapO, VMapl, and VMap2. The terrain products reviewed included VITD,
DTOP- MEDS1*, DTOP- MEDS3*, and DTOP- MEDS5*. Al t hough the M L-STD- 2402 was
witten for graphic products, it was very useful in the selection of synbols
for NIMA VPF™ products. For each VPF™ product, synbol selection was based on
t he synbol ogy specified in M L-STD 2402 for the graphic product that nost
closely corresponded to the VPF™ product being synbolized. This not only
provi ded sone consistency in the synmbols being selected, but also utilized
much of the synbol ogy fromthe graphic naps with which users are currently
fam liar.

Synbol selection for aeronautical features in DFLIP* was based on United
States Governnent Flight Information Publications: Enroute, Terminal and DOD
Mlitary Training Route Charts

*Al t hough GeoSym prototype 3 and 4 were devel oped to support LWD, DTOP-
MEDS, and DFLI P, since those products have not matured as of the witing of
this docunment, this official release of the GeoSym4 prototype does not
include the synbols and attribute expressions to support their display.

4.2.1.2 Design of New, Alternative Synbols The suite of VPF™ products
enconpasses varying resol utions, feature content, feature types, and feature
attribution. Therefore, it was necessary to design new, alternative synbols
to produce a conprehensive, consistent digital synbology set for all of the
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identified VPF™ products. Alternative, illustrative symbols were required to
mnimze the use of text for feature identification

4.2.2 Synbol Devel opment A description of how the point, line, area
and text symbol ogy was devel oped is provided bel ow al ong with a di scussion on
the col or nodel that was used.

4.2.2.1 Point Synbol ogy ActiveCGM Author was used for the creation of
all point synbols in the synmbol creation effort. Synbols were created in
color using a 16 bit format and witten out in both ASCII clear text and
bi nary encodi ng as version 4 CGw. The binary encoding CGM format was used
for the final production synbol set in order to ninimze storage requirenents
and reduce the task of CGMinterpretation only to this nore w dely accepted
format.

Poi nt synbols were drawn such that each attribute expression was associ at ed
with only one point synbol CGMfile. However, sonme features derive synbol
conponents from expressi ons containing nore than one attribute. For exanpl e,
buoys, lights, and beacons have several attributes that drive the synbol ogy
for that feature. Because of the extrenely |arge number of synbols and
conpl ex expressions that would be required to represent each of the

conbi nations, the attributes thensel ves are synbolized separately. That is,
for a buoy, the base is synbolized based on the val ue of the SSC and BTC
attributes. The symbol is called fromone attribute expression that contains
only the SSC or BTC attribute val ue which matches the feature being
synbolized. Oher aspects of the buoy, if present, (such as sound, topmark
etc.) are synbolized in a simlar fashion based on the relevant attribute.
This greatly reduces the nunber of synbols and expressions that nust be
created and nai ntai ned and has minimal inpact on display speed.

4.2.2.2 Line Synbology. Line synbols are used to represent both |inear
features and the boundaries of area features. Line synbols were drawn using
one of two nmethods in ActiveCGM Author. Solid lines were drawn using a
predefined solid line type within the ActiveCGM Aut hor software. Dash lines
along with nmore conplicated dashed-dotted lines and |ines which incorporate
point synbols in their definition were drawn using the add-on VPF line style
functionality within Author devel oped exclusively for GeoSym This additiona
functionality provides a nmethod for creating a variety of conplex line styles
such as dashed |ines nmade up of varying dash and gap | engths, dashed |ines
wi th enbedded synbols, dual and triple-case solid Iines, and solid lines with
begi nning and ending Iine term nators. Conplex lines can contain as many
enbedded poi nt synbols as necessary. The resulting |ine CGM has enbedded in
it the name of each point synbol that is required to define the line. For
this reason, each conplex line synbol CGMthat utilizes one or nore externa
poi nt synmbol s nust be acconpani ed by the CGWs) which contain(s) the point
synbol (s) referenced. In GeoSym all point synbols that are referenced within
a conplex line CGM are nunbered 5008 and greater

4.2.2.3 Area Synbology An area feature can be represented using any
conbination of area fill, boundary, and/or point synbology. The CGM synbol s
used to represent area fill for area features were drawn using two
net hodol ogi es dependi ng on whether the area was a solid color fill or a
pattern fill. Solid fill areas were drawn using a pentagon as the basic shape
with the appropriate solid color fill. Edge visibility was turned off for
t hese synbols so that only the solid color fill is visible. Area pattern
fills are also represented using a pentagon shape within the CGM Each
pattern fill was defined by creating a 32 by 32 bitmap cell using a bitnmap
editor. The single pattern definition is stored in the CGM as a pattern table
which is “tiled” to fill the pentagon drawn in the CGM
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Area boundary synbology utilizes |ine synbology as described in section
4.2.2.2. \Wen used for area boundaries, the |ine symbols should be rendered
in a clockw se direction around the area. This will ensure the correct
orientation of the line style conponents relative to the area feature

Sone area feature synbol ogy also utilizes a point to be placed at the center

of an area feature. For these cases, a point synbol is used. Section 4.2.2.1
descri bes the creation of point synbols.
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5. USER ENVI RONVENT FCOR GEOSYM EXPLO TATI ON

5.1 Operating System |In order to accurately represent the area
patterns required by both S52 and M L-STD- 2402, the pattern elenments in the
GeoSym area synbols are drawn using a 32x32 pattern elenent. This requires
the user to utilize the Wndows NT operating system Wndows 9x will only
support an 8x8 pattern.

5.2 Screen Resolution. The reconmended screen resolution for the
optimum di splay of GeoSym synbols is 1280x1024, with a mini num resol uti on of
1024x768. The synmbols will becone distorted below this mni num

5.3 Color Display. Those users who wish to view the GeoSym synbols in
their intended colors should refer to S52, Appendix 2 (Col our & Synbol
Specifications for ECDIS), Annex C for instructions on howto calibrate their
nonitors.

6. SOFTWARE DESI GN AND | MPLEMENTATI ON FOR GEOSYM EXPLO TATI ON

6.1 Synbol ogy database interface The follow ng sections supplenent the
i nfornmati on contained in the Performance Specification Geospatial Synbols for
Digital Displays, ML-PRF-89045. They contain key engineering issues that a
devel oper shoul d consider during the design and inplenentation of software
witten to exploit GeoSym It is assunmed that the developer is famliar with
the M L-PRF-89045, |HO S52, |HO S57, and SAM docunentation

6.2 Gaphics file format The GeoSym synbols are in CGM format. CGM
or conputer graphics netafile is a rich, open standard format that can

encapsul ate nany ki nds of graphic data including vector, raster, or a mxture
of bot h.

Essentially, the CGMis conposed of a series of instructions which describe
the geonetric and presentation characteristics of graphics. The file does not
contain pictorial data, but rather is nade up of a set of defined instructions
used for describing one or nore graphic elenments. The graphics are only

di spl ayabl e through the use of a translator capable of reconstructing the

i nformation described in the CGMinstructions.

The main objective of the CGMfile is to facilitate the storage and retrieva
of graphical information between applications, software systens, and/or
devices. The format and content of these instructions are defined by the

I nternational Standards Organization, in ISOIEC 8632-1. The CGMis the only
| SO standard vector graphics fornat. Several other formats have been derived
fromthe 8632-1 which have been devel oped to support the specific needs of end
users.

The CGM standard was originally published in 1986 by ANSI as X3.122. The
sanme standard was published a year later by 1SO as | SO 8632:1987. To nake it
easi er to manage changes, ANSI X3.122:1986 was replaced by ANSI/I SO 8632: 1987
in 1991. There were 3 anendnents to CGV 1987, two of which are incorporated in
the new, republished CG\t 1992. The ot her amendnment and CGMt 1987 were
cancel | ed.

According to | SO I EC 8632-1, a CGM nay contain the foll ow ng.
e vector graphics (e.g., polylines, ellipses, NURBS)
e raster graphics (e.g., tile array)
e text

6.2.1 CGM Versions The CGM standard defines four upwardly-conpatible
versi ons, each providing additional functionality. Version 1 provides a basic
drawi ng and picture interchange capability. The Version 1 netafile definition

17



DRAFT
M L- HDBK- 857

i ncl udes approximately 90 individual function or entity elenents. Version 1
netafiles are essentially the sanme as those described in the 'old standard'
CGMt 1987. The Version 2 netafile definition contains approximtely 30 nore
elenents in addition to all of those described in version 1 netafiles. The
nost significant new capability of Version 2 however, is the graphical
segnment. Version 3 netafiles represent a nmjor increase in graphica
expressive power. Version 3 netafiles contain approximtely 40 added el enents
to the Version 2 capabilities. Version 3 netafile functionality includes: the
capability to represent conpressed tiled inmages, define external synbol
libraries, and provide greater control of drawi ng aspects for graphics arts,
presentation graphics, and el ectronic publishing.

The |l atest version of netafiles is the Version 4 netafile. Version 4
netafiles include Versions 1, 2, and 3 and add hierarchical structures and
user-defined attributes so user communities can define and create "intelligent
graphics.” Version 4 netafiles also define directories so applications can
randonly address |arge netafil es containing nany pictures and structures.

GeoSym synbols are all Version 4 CGw due to the need for user-defined
attribute structures (see section 6.2.3). This does not nean, however, that
all possible elements in versions 1 through 4 are represented in the GeoSym
synbols. The subset of CGM el enments that are utilized in GeoSymis defined in
the Synbols and Annotation for Maps and I nmagery (SAM) profile.

Al ternatively, the devel oper may reference any clear text encoded CGV and
exam ne the “MFELEMLI ST” el enent for a conplete |list of those CGM el enents
that are contained in the GeoSym CGQ\Vks.

6.2.2 CGM Encoding The CGMfile is defined in ISOIEC 8632-1 as havi ng
three encoding capabilities. These encoding include character, binary, and
clear text encoding. The choice of the encoding used in inplenentation nust
be based on the foll ow ng considerations.

 mnmnimal file size
e transportability across platforns
e interpretative speed

e readability (human) of the encoded files

6.2.2.1 Character Encoding Character encoding is described in Part 2
of 1SQOIEC 8632-1. The character encodi ng objective is the mninization of
file size and transni ssion between platforns. The enphasis on this encodi ng
is on conpactness in support of systens having | ow storage capabilities.

6.2.2.2 Binary Encoding The focus of binary encoding, which is
described in Part 3 of ISOIEC 8632-1, is the speed of file creation and
interpretation. The use of binary data format is efficient due to its
simlarity to the representations of data structures within conputer systens.

6.2.2.3 Cdear Text Encoding The purpose of the clear text encoding,
which is described in Part 4 of ISOIEC 8632-1, is to provide a representation
of the netafile syntax in a hunan-readable form Not only can the syntax be
interpreted by the end user, but the file may al so be edited or even created
from any standard text editing device. The key objectives of the clear text
format are listed below. Note that the speed of interpretation (nmachine) is a
secondary consideration for this encoding.
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* Hunan editable

e Human friendly (readable)

e Machine readable - the syntax is able to be parsed by software
« Suitable for text editors

 Interchangeabl e between systenms and pl atforns

+ Standardi zed codes and abbrevi ations

The GeoSym CGM files are conpliant with the Synmbol ogy and Annotation for Maps
and Imagery (SAM) profile contained on the GeoSym CD-ROM This profile was
devel oped to support the creation and use of CGM files for the GeoSymeffort.
The profile describes the mnimuminplenmentation of the CGV functions in order
to allowinterpreters to be witten to support the CGMfiles, as well as

provi de the basis from which additional synbols nmay be created to augnent the
exi sting CGM synbol library. Note that though the clear text encoding is

i ncluded on the GeoSym CD-ROM it is not intended as a source from which
interpreters woul d read synbol ogy definition. Only the binary encoding is
supported as described in the SAM profile.

6.2.3 User-defined Application Attribute Structures in GeoSym As
stated previously, all GeoSym synbols are version 4 due to the existence of
user-defined application attribute structures. The elenments of each one of
these structures consist of the followi ng: BEGAPS, APSATTR, BEGAPSBCODY
ENDAPS. Each type of application attribute structure has a uni que identifying
nane that is contained within the BEGAPS line. Al GeoSym CGM s contain the
foll owi ng named application attribute structures: |C ViewportTable,

Pi ctureProperties, and | C Col or NaneTable. Both |IC Viewport Table and

Pi ctureProperties should be ignored by GeoSym application software. These two
structures are used solely by the ActiveCGM Aut hor tool and are retained for
consi stency between the cleartext and binary versions of the GeoSym CGQVks.

Refer to section 6.6 for an expl anati on of how GeoSym applicati on software can
utilize the I C _Col orNanmeTabl e structure to access col or tokens.

There is a fourth application attribute structure that is contained only in
the conplex line CGws of GeoSym The nane of this structure is LineStyle and
it consists of a series of nested application attribute structures that define
the characteristics of each specific conplex line. The conplex CGM s al so
contain the graphic primtives that depict a rendered representati on of the
conplex line style. However, those elenents are only present to support the
generation of M L-PRF-89045 and should not be used for the actual display of

VPF™ features. GeoSym application software should always use the LineStyle
application attribute structure definition to render the conplex line style
along the linear features or area boundaries to which the conplex |ine synbol
applies. At a high level, the LineStyle application attribute structure has
the foll owi ng construction:

Li neStyl e
Li neStyl eConponent

Li neStyl eConponent El enent
Li neStyl eConponent El enent

LineSterCbnponent'
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Table 2 lists the paraneters at each |level of the LineStyle structure and
their allowable values. Software devel opers should refer to the SAM for a
conplete definition of the LineStyle and the | C _Col or NameTabl e application
attribute structures for the information that is relevant to the GeoSym
expl oi tation software.
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Table 2 - Conplex Line Style Parameters
Par armet er Name Description Type Units
Li ne style nane Uni que name of the line style String NA
One to nmany line A line style nay contain one to
conponent s many |ine conponents. For each
i ne conponent the paraneters
are defined bel ow
Line width Thi ckness of the l|ine Real CGV
Li ne col or Col or of the line I nt I ndex
Nunber
Start anchor of Pl acenent of the first el enent Enuner at ed NA
el emrent relative to the line in the x- 0,1,2
axis. Any one of the follow ng
pl acenents can be used. “Start”,
“Mddle”, or “End”.
Not e: When projecting the line
style, this is in effect for the
first iteration of the line
style only.
Iteration Type Determ nes if the conponent Enuner at ed NA
shoul d be iterated continuously 0,1
or a single tine only.
Start phase The offset distance of the first | Real CGM
di spl acenent of el ement fromthe start anchor
el emrent
One to nany A |line conponent nmmy contain one
El ement s to many el enents. For each
el ement the paraneters are
defi ned bel ow.
El enent type Type of elenent. Any one of the Enuner at ed NA
foll owi ng el ement types can be 0,1,2
used.
“Gp”, “Dash”, or “Point
Synbol " .
El enent | ength The I ength of the gap or dash. Real CGMm
When the length of a dash is
specified to be zero, then a
solid line will be rendered to
span the projected line inits
entirety.
Note: Not applicable for an
el ement type of “Point Synbol”
Verti cal The distance in the y-axis Real Ccav
di spl acenent bet ween the center of the
el ement and the projected path
of the |ine.
Synbol The nane of the I HO point String NA

definition

conponent synbol

Not e: Applicable only to el ement
type of “Point Synbol”
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Table 2 - Conplex Line Style Paraneters (continued)

Par armet er Name Description Type Units
Synbol scal e The scale factor of the IHO Real None
si ze poi nt conponent synbol .

Note: Applicable only to el ement
type of “Point Synbol”

Synbol The 1 HO poi nt conponent symnbol Enuner at ed NA
orientation type |orientation type. One of the 0,1
followi ng orientation types can
be used: “Oriented at a constant
angle to x-axis”, or “Oriented
tangentially to the line”.

Note: GeoSymwi ll only utilize
“Oriented tangentially to the
[ine”, which is designated as
numer al 1.

Not e: Applicable only to el ement
type of “Point Synbol”

Synbol initial The I HO point synbol rotation Real Degr ees
angl e relative to the x-axis.

Note: Applicable only to el ement
type of “Point Synbol” and
synmbol orientation of “Oriented
at a constant angle to x-axis”

Fol  owi ng are sone exanples of howto interpret the LineStyle application
attribute structure, highlighting in particular the use of the start anchor
and its purpose in the structure. The Start Anchor attribute appears at the
conmponent | evel of the application attribute structure for conplex Iines and
determ nes the starting location of the first element within the conponent.
The possible values of the attribute are O for beginning, 1 for mddle, and 2
for end. A Start Anchor of 0 (beginning) is the default for all conplex line
conponents and indicates that the element is to begin at the beginning of the
line feature being synbolized.

Synbol 0613.cgmis a thin dash |ine, LS(DASH, 2, DEPSC), which utilizes a
begi nning start anchor. This synmbol is shown in Figure 1.

Figure 1. Exanple of Beginning Start Anchor - Synbol 0613

The following is an excerpt fromthe cleartext CGM 0613. cgmthat shows the
application attribute structure for synbol 0613.
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BEGAPS "0613. 1" "LineStyle" STLIST;

BEGAPSBQODY;

BEGAPS "0613. 1. Conponent . 1" "Li neStyl eConponent” STLI ST
APSATTR "Li neWdth" " 12 1 0.64";

APSATTR "Li neColor" " 11 1 41";

APSATTR "Start Anchor" " 5 1 0";

APSATTR "IterationType" " 5 1 0";

APSATTR "Start Phase" " 12 1 0";

BEGAPSBQODY;

BEGAPS "0613. 1. Conponent . 1. El enent. 1" "Li neConponent El enent" STLI ST
APSATTR "El enent Type" " 5 1 1";

APSATTR "El enentLength" " 12 1 3.6";

APSATTR "Vertical D spl acenment” " 12 1 0"

BEGAPSBQODY;

ENDAPS;

BEGAPS "0613. 1. Conponent . 1. El enent. 2" "Li neConponent El enent" STLI ST
APSATTR "El enent Type" " 5 1 0";

APSATTR "El enent Length" " 12 1 1.8";

BEGAPSBQODY;

ENDAPS;

ENDAPS;

ENDAPS;

This synbol is nade up of one conponent which consists of two el enments: a dash
and a gap. Notice the StartAnchor attribute is |listed at the conponent |evel
and has a value of 51 0 indicating that the first elenent, the dash, wll
start at the beginning of the line. Notice also that the IterationType
attribute value of 0 indicates that the elenents will be repeated in a

conti nuous fashion.

A Start Anchor of 1 (middle) is used if the synbol requires that an el enent
begin in the nddle of the line. Synbol 0752 is a very thin dashed Iine with

centered waves LC=LS(DASH, 1, CHGRD) + SY(WATTURO2). This synmbol utilizes a
m ddl e start anchor and is shown in Figure 2.

Figure 2. Exanple of Mddle Start Anchor - Synbol 0752

The following is an excerpt fromthe clear text CGV 0752.cgmthat shows the
application attribute structure for synbol 0752.
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BEGAPS "0752. 1" "LineStyle" STLIST;

BEGAPSBQODY;

BEGAPS "0752. 1. Conponent . 1" "Li neStyl eConponent” STLI ST
APSATTR "Li neWdth" " 12 1 0.32";

APSATTR "Li neColor" " 11 1 20";

APSATTR "Start Anchor" " 5 1 0";

APSATTR "IterationType" " 5 1 0";

APSATTR "Start Phase" " 12 1 0";

BEGAPSBQODY;

BEGAPS "0752. 1. Conponent . 1. El enent. 1" "Li neConponent El enent" STLI ST
APSATTR "El enent Type" " 5 1 1";

APSATTR "El enentLength" " 12 1 3.6";

APSATTR "Vertical D spl acenment” " 12 1 0"

BEGAPSBQODY;

ENDAPS;

BEGAPS "0752. 1. Conponent . 1. El enent . 2" "Li neConponent El enent" STLI ST
APSATTR "El enent Type" " 5 1 0";

APSATTR "El enent Length" " 12 1 1.8";

BEGAPSBQODY;

ENDAPS;

ENDAPS;

BEGAPS "0752. 1. Conponent . 2" "Li neStyl eConponent” STLI ST
APSATTR "Li neWdth" " 12 1 0.32";

APSATTR "Li neColor" " 11 1 20";

APSATTR "Start Anchor" " 5 1 1";

APSATTR "IterationType" " 5 1 1";

APSATTR "Start Phase" " 12 1 0";

BEGAPSBQODY;

BEGAPS "0752. 1. Conponent . 2. El enent. 1" "Li neConponent El enent" STLI ST
APSATTR "El enent Type" " 5 1 2";

APSATTR "El enentLength" " 12 1 14.51044";

APSATTR "Vertical Di spl acement” " 12 1 0"

APSATTR " Synbol Definition" ' 14 1 "5107.cgni'’;

APSATTR " Synbol Scal e" " 12 1 1";

APSATTR "Synbol Orientation" " 5 1 1";

BEGAPSBQODY;

ENDAPS;

ENDAPS;

ENDAPS;

This synbol is nmade up of two conponents. The first conponent represents the
dashed |ine and consists of two elenents, a dash and a gap. Notice the start
anchor for this conponent is 0 (beginning) indicating that the dash el ement
will begin at the beginning of the line. The IterationType attribute val ue of
O indicates that the elements will be repeated in a continuous fashion.

The second conmponent represents the wave and consists of only one el enent, the
wave point synbol (5107.cgn). Notice the start anchor for this conponent is 1
or middle indicating that the point synbol elenent will begin at the mddle of
the line. The IterationType attribute value of 1 indicates that the el ement
will only be a single iteration.
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Figure 3 illustrates another synbol that utilizes the mddle Start Anchor
value. The clear text application attribute structure associated with this
synbol is also given bel ow

&

Figure 3. Exanple of Mddle Start Anchor - Synbol 0753

BEGAPS "0753. 1" "LineStyle" STLIST;

BEGAPSBQODY;

BEGAPS "0753. 1. Conponent . 1" "Li neStyl eConponent” STLI ST;
APSATTR "Li neWdth" " 12 1 1.6";

APSATTR "Li neColor" " 11 1 20";

APSATTR "Start Anchor" " 5 1 0";

APSATTR "IterationType" " 5 1 0";

APSATTR "Start Phase" " 12 1 0";

BEGAPSBQODY;

BEGAPS "0753. 1. Conponent . 1. El enent. 1" "Li neConponent El enent" STLI ST;
APSATTR "El enent Type" " 5 1 1";

APSATTR "El enent Length" " 12 1 0";

APSATTR "Vertical Di spl acenent” " 12 1 0";

BEGAPSBQODY;

ENDAPS;

ENDAPS;

BEGAPS "0753. 1. Conponent . 2" "Li neStyl eConponent” STLI ST;
APSATTR "Li neWdth" " 12 1 1.6";

APSATTR "Li neColor" " 11 1 20";

APSATTR "Start Anchor" " 5 1 1";

APSATTR "IterationType" " 5 1 1";

APSATTR "Start Phase" " 12 1 0";

BEGAPSBQODY;

BEGAPS "0753. 1. Conponent . 2. El enent. 1" "Li neConponent El enent" STLI ST;
APSATTR "El enent Type" " 5 1 2";

APSATTR "El enent Length" " 12 1 8.297122";

APSATTR "Vertical Di spl acenent” " 12 1 0";

APSATTR " Synbol Definition" ' 14 1 "5106. cgni'';

APSATTR " Synbol Scal e" " 12 1 1";

APSATTR "Synbol Orientation" " 5 1 1";

BEGAPSBQODY;

ENDAPS;

ENDAPS;

ENDAPS;
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A Start anchor of 2 (end) is used if the synbol requires that an el ement
“begin” at the end of the linear feature being synbolized. Synbol 0751.cgmis
a black solid line with tick termnators. This synbol utilizes both a

begi nni ng and endi ng start anchor and is shown in Figure 4.

Figure 4. Exanple of End Start Anchor - Synbol 0751

The following is an excerpt fromthe clear text CGV 0751.cgm that shows the
application attribute structure for synbol 0751.
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BEGAPS "0751. 1" "LineStyle" STLIST;

BEGAPSBQODY;

BEGAPS "0751. 1. Conponent . 1" "Li neStyl eConponent” STLI ST;
APSATTR "Li neWdth" " 12 1 0";

APSATTR "Li neColor™ " 11 1 -1";

APSATTR "Start Anchor" " 5 1 0";

APSATTR "IterationType" " 5 1 0";

APSATTR "Start Phase" " 12 1 0";

BEGAPSBQODY;

BEGAPS "0751. 1. Conponent . 1. El enent. 1" "Li neConponent El enent "
APSATTR "El enent Type" " 5 1 2";

APSATTR "El enentLength" " 12 1 4.001054";

APSATTR "Vertical Di spl acenent” " 12 1 0";

APSATTR " Synbol Definition" ' 14 1 "5105. cgni'';

APSATTR " Synbol Scal e" " 12 1 1";

APSATTR "Synbol Orientation" " 5 1 1";

BEGAPSBQODY;

ENDAPS;

BEGAPS "0751. 1. Conponent . 1. El enent . 2" "Li neConponent El enent "
APSATTR "El enent Type" " 5 1 0";

APSATTR "El enentLength" " 12 1 -2.1";

BEGAPSBQODY;

ENDAPS;

ENDAPS;

BEGAPS "0751. 1. Conponent . 2" "Li neStyl eConponent” STLI ST;
APSATTR "Li neWdth" " 12 1 0";

APSATTR "Li neColor" " 11 1 -1";

APSATTR "Start Anchor" " 5 1 0";

APSATTR "IterationType" " 5 1 1";

APSATTR "Start Phase" " 12 1 0";

BEGAPSBQODY;

BEGAPS "0751. 1. Conponent . 2. El enent. 1" "Li neConponent El enent "
APSATTR "El enent Type" " 5 1 2";

APSATTR "El enent Length" " 12 1 2.571082";

APSATTR "Vertical Di spl acenent” " 12 1 0";

APSATTR " Synbol Definition" ' 14 1 "5103. cgni'';

APSATTR " Synbol Scal e" " 12 1 1";

APSATTR "Synbol Orientation" " 5 1 1";

BEGAPSBQODY;

ENDAPS;

ENDAPS;

BEGAPS "0751. 1. Conponent . 3" "Li neStyl eConponent” STLI ST;
APSATTR "Li neWdth" " 12 1 0";

APSATTR "Li neColor™ " 11 1 -1";

APSATTR "Start Anchor" " 5 1 2";

APSATTR "IterationType" " 5 1 1";

APSATTR "Start Phase" " 12 1 0";

BEGAPSBQODY;

BEGAPS "0751. 1. Conponent . 3. El enent. 1" "Li neConponent El enent "
APSATTR "El enent Type" " 5 1 2";

APSATTR "El enent Length" " 12 1 2.570639";

APSATTR "Vertical Di spl acenent” " 12 1 0";

APSATTR "Synbol Definition" ' 14 1 "5104. cgni'';

APSATTR " Synbol Scal e" " 12 1 1";

APSATTR "Synbol Orientation" " 5 1 1";

BEGAPSBQODY;

ENDAPS;

ENDAPS;

ENDAPS;

STLI ST;

STLI ST;

STLI ST;

STLI ST;
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Synbol 0751 is conposed of three conponents. The first conmponent represents
the thick black line and is nmade up of two elenents, a black filled square,
poi nt synmbol 5105.cgm and a gap, (the negative gap distance allows the black
boxes to overlap creating the effect of a thick black line). The start anchor
for this conponent is O or beginning and the iteration type is 0 or continuous
indicating that the elenent will begin at the beginning of the Iine and will
be repeated in a continuous fashion. The second conponent represents the |eft
ticks which al so have a start anchor of 0 or beginning, (iteration type is
single for this conponent.)

The third conponent represents the right ticks and consists of only one

el ement, the right ticks, point synbol 5104.cgm Notice the start anchor for
this conponent is 2 or end indicating that the point synbol elenent will begin
at the end of the line. The iteration type attribute value of 1 indicates the
element will be a single iteration

Figure 5 illustrates another synbol that utilizes the end start anchor val ue.
The clear text application attribute structure associated with this synbol is
al so gi ven bel ow.

Figure 5. Exanple of kEnd sStart Anchor - Synbol 1572
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BEGAPS "1572. 1" "LineStyle" STLIST;

BEGAPSBQODY;

BEGAPS " 1572. 1. Conponent . 1" "Li neStyl eConponent” STLI ST;
APSATTR "Li neWdth" " 12 1 0.64";

APSATTR "Li neCol or" " 11 1 17";

APSATTR "Start Anchor" " 5 1 0";

APSATTR "IterationType" " 5 1 0";

APSATTR "Start Phase" " 12 1 0";

BEGAPSBQODY;

BEGAPS "1572. 1. Conponent . 1. El enent. 1" "Li neConponent El enent"
APSATTR "El enent Type" " 5 1 1";

APSATTR "El enent Length" " 12 1 2";

APSATTR "Vertical D spl acenent” " 12 1 0.5";

BEGAPSBQODY;

ENDAPS;

ENDAPS;

BEGAPS " 1572. 1. Conponent . 2" "Li neStyl eConponent” STLI ST;
APSATTR "Li neWdth" " 12 1 0.64";

APSATTR "Li neCol or" " 11 1 17";

APSATTR "Start Anchor" " 5 1 0";

APSATTR "IterationType" " 5 1 0";

APSATTR "Start Phase" " 12 1 0";

BEGAPSBQODY;

BEGAPS "1572. 1. Conponent . 2. El enent. 1" "Li neConponent El enent"
APSATTR "El enent Type" " 5 1 1";

APSATTR "El enent Length" " 12 1 2";

APSATTR "Vertical D spl acement” " 12 1 -0.5";

BEGAPSBQODY;

ENDAPS;

ENDAPS;

BEGAPS " 1572. 1. Conponent . 3" "Li neStyl eConponent” STLI ST;
APSATTR "Li neWdth" " 12 1 0.64";

APSATTR "Li neCol or" " 11 1 17";

APSATTR "Start Anchor" " 5 1 0";

APSATTR "IterationType" " 5 1 1";

APSATTR "Start Phase" " 12 1 0";

BEGAPSBQODY;

BEGAPS "1572. 1. Conponent . 3. El enent. 1" "Li neConponent El enent"
APSATTR "El enent Type" " 5 1 2";

APSATTR "El enent Length" " 12 1 2.640207";

APSATTR "Vertical Di spl acenent” " 12 1 0";

APSATTR " Synbol Definition" * 14 1 "5008. cgni'';

APSATTR " Synbol Scal e" " 12 1 1";

APSATTR "Synbol Orientation" " 5 1 1";

BEGAPSBQODY;

ENDAPS;

ENDAPS;

BEGAPS " 1572. 1. Conponent . 4" "Li neStyl eConponent” STLI ST;
APSATTR "Li neWdth" " 12 1 0.64";

APSATTR "Li neCol or" " 11 1 17";

APSATTR "Start Anchor" " 5 1 2";

APSATTR "IterationType" " 5 1 1";

APSATTR "Start Phase" " 12 1 0";

BEGAPSBQODY;

BEGAPS "1572. 1. Conponent . 4. El enent . 1" "Li neConponent El enent "
APSATTR "El enent Type" " 5 1 2";

APSATTR "El enentLength" " 12 1 2. 640496";

APSATTR "Vertical Di spl acenent” " 12 1 0";

APSATTR " Synbol Definition" * 14 1 "5009. cgni'';

APSATTR " Synbol Scal e" " 12 1 1";

APSATTR "Synbol Orientation" " 5 1 1";

STLI ST;

STLI ST;

STLI ST;

STLI ST;
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BEGAPSBODY,;
ENDAPS;

ENDAPS;
ENDAPS;

This synbols consists of 4 conponents. The first conmponent represents the top
line which is a straight line vertically offset fromthe feature centerline by
0.5mm  The second conponent represents the bottomline which is a straight
line vertically offset fromthe feature centerline by -0.5mm Notice the
iteration type on both of these conponents is 0 or continuous so that the |line
continues along the Iength of the linear feature, creating the cased |ine

ef fect.

The third conponent represents the left ticks. The conponent consists of one
el ement, left tick point synbol 5008.cgm and is defined with start anchor 0
so that the el enent appears at the beginning of the linear feature. The
fourth conponent represents the right ticks. The conponent consists of one

el ement, right tick point synbol 5009.cgm and is defined with start anchor 2
so that the el enent appears at the end of the |inear feature. Notice the
Iteration type on both of these conponents is 1 or single indicating that only
a single iteration of the elenent is to be rendered.

6.2.4 Appearance of Lines. |In addition to the basic |ine attributes of
wi dth and color, GeoSym CGVs contain the line attributes LINECAP, LINEJO N,
and LI NETYPECONT.

LI NECAP i ndi cates the way that the end of a line is rendered when drawn and

al so the way that the ends of internal dashes in a dashed line are to be
drawn. GeoSymlinear CGW contain a LI NECAP value of “2 2" indicating that
the Iine should be rendered with a butt (squared) ending and that interna
dashes will also be squared off. GeoSym point CGVs contain a LI NECAP val ue of
“3 3" indicating that the line should be rendered with a rounded endi ng and
that internal dashes will match that depiction, neaning that they will be
rounded as well. Currently, there are no point synbols that utilize a dashed
line el enent.

LINEJO N i ndicates the way that |ine elements connect, both within an el enent
and between two or nore line elenments. GeoSymlinear CGvs contain a LINEJON
value of “2” indicating that the lines are be mtred (squared off) around the
connecting endpoint. GeoSym point CGW contain a LINEJO N val ue of “3”
indicating that the lines are to be rounded around the connecting endpoint.

LI NETYPECONT i ndi cates how a dashed (conplex) line pattern synbol should be
mai nt ai ned across a vertex. Both the linear and point CGv in GeoSym contain
a LI NETYPECONT val ue of “2” indicating that the linear pattern should continue
across the vertex. This CGMelenent is included in the point CGvs, although
it is not utilized in point synbols.

6.3 Synbol Descriptions Synbol descriptions nay be found in M L-PRF-
89045, Appendix Clisted by synbol nane. The fornat and structure of the
conpl ete set of synbol ogy assignment files is defined in M L-PRF 89045,

6.4 Attribute Expressions Attribute expressions are used to nap a
specific type of a feature to the appropriate synbol (s) for display. As
described in ML-PRF-89045, there are two synbol assignnment files:
full symtxt and sinmpsymtxt. Regardless of which file is applicable (based on
user selection), each rowin the file contains the synbolization instructions
for a given delineation of a feature in a VPF product. Sone features can be
adequately synbolized based only on the FACC code. Feature such as a M ne
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(AA010), or a Ranmp (AL195) do not require unique synmbols based on the type of
m ne or ranp.

O her features require unique symbols based on the val ue defined for specific
attributes of that feature. For exanple, a Road (AP030) nust be synbolized
differently based on whether it is hard/|oose, paved/unpaved, or with or

wi thout a nedian. All attribute-based expressions are contained in a separate
file, the attexp.txt file. The link between a row fromthe appropriate synbol
assignment file (*symtxt) and the associated attribute expression in the
attexp.txt fileis the rowid fromthe *symtxt file. The fornat of the
attexp.txt file is defined in ML-PRF-89045. Exanple content and how
application software should utilize this content is described in the follow ng
par agr aphs.

6.4.1 Attribute Expression Interpretation Each row of the attexp.txt
file defines a separate and unique attribute expression conponent. There nay
be fromone to 255 attribute expression conponents in a single attribute
expression. The attribute expressi on conponents are grouped by the cond_i ndex
field. The value in the cond_index field will be the sane as the val ue of the
idfield in the *symtxt file to which the attribute expression appli es.

The seq field in each attribute expression conponent controls the order in
which the attribute expression is to be constructed. This value is a nunber
from1l to 255 that identifies each row of an attribute expression.

The att, oper, and value fields contain the actual conditional expression that
is to be tested for true/false status. Att is a set of characters identifying

an attribute name. In nost cases, this will be a three character FACC
attri bute code, such as NAM RST, or TMC, as defined on the feature in the
VPF™ product structure. |In certain cases, however, att will be a four-

character acronymidentifying an external attribute pertinent to ECD S
synbol i zation instructions (see section 6.4.1.1 for a definition of each of
these external attributes and its possible values). Oper defines the
relational operator to apply to the attribute code. This will be a nunber
froml to 6 where each value is defined as foll ows:

1 = (equal s)

2 <> (not equal s)

3 < (1 ess than)

4 > (greater than)

5 <= (less than or equal to)

6 >= (greater than or equal to)

The value field contains the value against which to test the attribute code
for true. The value field nay contain an integer, a real nunber, a text
string enclosed in quotes (i.e., “UNK"), or the word NULL (no quotes). Note
that the neaning of NULL is unique based on the data type of the attribute in
t he VPF™ product data being displayed. Application software nmust interpret
NULL per Table 62 in the VPF Standard (M L-STD 2407) in order to accurately
eval uate the attribute expression conponent.

The last field in each row of the attexp.txt file is the connector field. The
purpose of this field is to provide the neans to connect the nmultiple
attribute expression conponents into a single attribute expression. The
connector field will contain a nunber fromO to 4 where each value is defined
as follows:
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0 None (the expression consists of a single conponent)
1 or
2 AND
3 and
4 oR

The “or” connector is used to connect nultiple attribute expression conponents
that define multiple valid values for the sane attribute. The att val ue nust
be the same for conponents that are connected using “or”. For exanple,

bf c=0 or bfc=6 or bfc=10

The “AND’ connector is used to connect nmultiple attribute expression
conponents that define valid values for nore than one attribute. The att
val ue nust be different for conponents that are connected using “AND’'. For
exanpl e,

bf c=0 AND hgt >50

The “and” connector is used to connect multiple attribute expression
conponents that define the valid range for the sane attribute. The att val ue
nmust be the sane for conponents that are connected using “and”. For exanpl e,

wi d>0 and w d<40

The “OR’ connector is used to connect nultiple attribute expression conponents
that are independent of each other. The att value nust be different for
conponents that are connected using “OR'. For exanple,

bsc=2 OR bot =7

Following the final attribute expression conponent is a 0 in the connector
field. This indicates that the current attribute expression conponent is the
| ast conponent in the expression and that there are no further conponents to
the conplete attribute expression

Using these four different connectors, it is possible to construct conplex
attribute expressions that are easily interpretable by both the reader and
application software. The connectors provide an inherent precedence to the
attribute expressions evaluation, equivalent to the use of parentheses. The
| ower case connectors provide the neans to represent those portions of the
attribute expression that are effectively “inside the parentheses”, while the
uppercase connectors are flags that there is either another condition
conponent that nust also be net before the entire expression is true OR there
is a conpletely different attribute expression (itself potentially conposed of
nmul ti pl e conponent expressions) that could result in a valid eval uation of
“true” for the entire attribute expression

The following |ist provides exanples of attribute expressions first in English
text (with parentheses where needed to clarify the order of eval uation) and
then as the expression would | ook as a tab-delimted rowin the attexp.txt
file. These are exanples only and are not intended to reflect actual rows
fromthe delivered attexp.txt file. Note the 0 in the connector position to
indicate the final attribute expression conponent in each group

Exanpl e:

1. tnc=2
25|/ 1]tnc| 1] 2|0
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2. name>" UNK”
200| 1| nan 2| " UNK”| 0

3. bfc=0 or bfc=7 or bfc=52
42| 1| bf c| 1]
42| 2| bf c|

0|1

11711

42| 3| bfc| 1] 52| 0
4. btc=0 AND ssc=7

500| 1| btc| 1] 0] 2

500| 2| ssc| 1| 7| O

5. (bsc=2 or bsc=7) OR bot=11
222| 1| bsc| 1] 2|1
222| 2| bsc| 1] 7| 4
222| 3| bot ] 1] 11| 0

6. ((bfc=0 or bfc=2) AND (hgt>0 and hgt<46) AND exs<>2) OR hwt =7
350] 1] bfc|1]0]1
350] 2| bfc| 1] 2] 2
350| 3] hgt| 4| 0] 3

350| 4| hgt | 3|

350| 5| exs| 2|
1

0
2
0
4
2
350] 6] hwt | 1] 7

I
I
I
6] 2
| 4
|0

6.4.1.1 ECD S External Attribute Values |In the synbolization of
certai n hydrographic features on ECD S systens, variation of synbol
representation occurs based on attributes not found within the VPF™ data
structure. To this end, external attributes were devel oped as four-character
codes to distinguish themfromthe attributes available within VPFM  The
five external attributes inplenented within the expressions are described
below. It is the responsibility of the reading application to provide for
sone interface to allow the user to input or establish the values of these
variables. Additionally, in the event a variable cannot be matched to
exi sting data, the application is responsible for the assignnment of the next
nost applicable value as the operative value of the variable.

| SDM Interactive Shall ow Display Mbde - ECDIS defines the display node of
shal | ow wat er areas (shallow depth zones) to be one of two synbol ogy
scenarios. The attribute values are 1 and 0, which toggle the shall ow
di splay node to be on or off respectively. Wen ISDMis set on (1), the
di splay of all depth zones shall ower than the defined val ues of the
Ship’s Safety Depth Contour (SSDC) are overprinted with a lattice
pattern. This nbode can be initiated in the four- or two-depth zone
di spl ay nodes (not including the drying line), defined by the
Interactive Display Selection Mdde, (IDSM. The shallow display node is
made available due to viewing linmtations of the shall ow depth zones in
ni ght di spl ays.

IDSM Interactive Display Selection Mode - ECD S defines the display of depth
zones to be divided into two or four depth areas. This variable allows
for the mariner to interactively set either display node. The two zone
node uses only the ship’'s safety depth contour (SSDC) as a zone
separator, whereas the four zone node further divides zones based on the
mari ner selected deep and shall ow contours (MSDC, MSSC). Attribute
values are 0 and 1 neaning four- and two-zone nodes respectively.

SSDC. Ship's Safety Depth Contour - The ship's safety depth contour represents
a safe contour based on the draft of the ship. This value nust be
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entered by the mariner using an application interface. This interface
nmust ensure that if a contour value does not exist within the data, that
a next deeper value is specified as the SSDC. This checking nust be
dynami c as one traverses tile boundaries w thin the data.

MSDC:. Mari ner Specified Deep Contour - The four-zone display node requires
the establishment of a deep contour that nust be specified by the
mari ner through application inquiry. A default value may be inplenented
at 30m according to the 1SO Col or and Synbol Specification directives.

MSSC. Mari ner Specified Shallow Contour - The four-zone di splay node requires
the establishment of a shallow contour that nust be specified by the
mari ner through application inquiry. A default value may be inplenented
at 2maccording to the 1SO Col or and Synbol Specification directives.

6.4.1.2 Feature in Miultiple Coverages |In certain products, the sane
feature (fcode) is represented in nmultiple coverages with a different set of
attributes. Three different nethods are inplenented in the synbol assignnment
tabl e based on the manner in which the given VPF™ product defined the
feature.

Uni que Attri butes:

In sone products, when a feature exists in nultiple coverages, it has a
different set of attributes defined in each coverage. Therefore, in the
synbol assignnment table, although there may be nultiple records for a
specific fcode, there will only be one record that is found to be true
for a particular instance of that feature.

Uni que Attribute Val ue:

In nost of the VPF™ products, there is a Wll feature defined (AA010).
There is an attribute on the AA010 call ed PRO that defines what type of
Well it is. The synbology for a water well is different than that
synbol ogy for an industry well. Therefore, the condition for a well is
speci fi ed based on the unique value of the PRO attribute

Coverage Col um (COV):

The DTOP product contains a group of features (referred to as the
“comon open water features”) that are present on all four of the

conti nuous coverages in that product. Only in the surface drai nage
coverage (sdr) do the features contain any attribution. |In the other
coverages, there are no attributes defined on the features. Since the
features in the sdr coverage nust be synmbolized differently than in the
ot her coverages, those feature’'s synbol assignnent records contain a
value in the COV colum. This value will either be “sdr” or “<>sdr” to
provide the application software the nmeans by which to deternine which
synbol ogy to apply.

6.4.1.3 Conmponent Point Synbology In nost cases, the synbol defined
for a point feature is based on a snall nunber of attributes that are able to
be represented in a “reasonable” quantity of finite rules. However, the
foll owi ng sections describe cases where this nethod of synbol assignnent is
not practical.

6.4.1.3.1 Buoys, Beacons, Lights 1In the case of beacons (BC010), buoys
(BC020), and lights (BC040) it was not feasible to generate a single conposite
poi nt synmbol for each possible permutation of symbolic attributes since this
woul d have forced the creation of thousands of attribute expressions and
synbols for each feature. |Instead, there are nultiple rows for these features
in the symbol assignnent file (*symtxt) with each row representing a single
attribute’s conditional expression. Application software must construct the
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appropriate conposite synmbol for the BC010, BC020, and BC040 features based on
the final display of all specified conponents. It is inportant that the order
in which the rows are accessed fromthe *symtxt file be naintained in the

di spl ay of the conponent point synbols in order to achieve the correct

conpl ete symbol (see section 6.5).

6.4.1.3.2 Lights on Buoys. Due to the fact that the color of the Iight
flare on buoys is represented as an abbrevi ati on enbedded in a character text
attribute (COL), the *symtxt file does not contain the rules for the
sel ection of the appropriately colored light flare. In order to select the
appropriate |ight synbol, software should parse the text of the COL attribute,
searching for the standard abbreviations for color defined in Chart 1. The
correct CGMto place based on color is as follows:

white/yel |l ow 0503. cgm
green 0502. cgm
red 0501. cgm
all others 0500. cgm

Once the correct CGMis selected, it should be the |ast synbol conponent to
di splay for the resulting conposite synbol for buoys.

6.4.1.3.3 Soundings The sounding feature (BE020) presents a unique
chal l enge for digital display since the value of the sounding is not stored as
a discreet textual entity, but rather as an attribute (HDP or HDH) on the
sounding feature in the VPFM data. |n addition, additional synbol ogy such as
acircle (for soundings of |ow accuracy) or an overbar (for drying heights)
may need to be displayed along with the soundi ng depth. Furthernore, both the
soundi ng text and the overbar nust be displayed in different colors based on
the depth of the BE0O20 feature relative to the Ship's Safety Depth Contour
(SSDC). Therefore, the synbolization of soundi ngs nmust be acconpli shed
t hrough the display of the (possibly) multiple conmponents for that feature.
For the depth value itself, application software nmust retrieve the val ue of
the HDP or HDH attribute (they are nutually exclusive) and convert it to a
di spl ayabl e text string. Furthernore, additional processing will be required
if the user desires to see the historical display of soundings (with a base
and a subscript).

6.4.1.3.4 Low Accuracy Synbol ECDIS display requirenents for many
features require the use of a | ow accuracy synbol, SY(LOMCCOl1l). Certain of
the S52 synbolization instructions in the |ookup tables or in the
synbol i zati on procedures require that a | ow accuracy synbol be added to the
“regul ar” synbolization for a given feature. Again, rather than create
duplicate attribute expressions (one set with and one set w thout the accuracy
attribute, acc) for these features, there will be an additional row in the
*symtxt file that controls the placenent of the | ow accuracy synbol. For
this reason, as well as for the placenent of text |abels (see section
6.4.1.5), application software nmust access all rows fromthe *symtxt file for
a given point feature code in order to ensure full synbolization

6.4.1.3.5 Point Synmbol Oientation For sone of the |HO point synbols,
it is inportant to know the orientation at which to place the point synbol.
For those features to which this situation applies, there is an attribute
val ue specified in the orient field of the *symtxt file. |If this fieldis
popul ated, application software should place the specified point synmbol at the
angle of orientation that is contained within the attribute specified in the
orient colum. This field my be popul ated for both point and area features.

6.4.1.4 Conmponent Line and Area Synbology It is also possible for
there to exist nultiple synmbol ogy conponents for |inear and area features.
The npbst common situation is the need for the addition of the | ow accuracy
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synbol (see 6.4.1.3.4). This situation is inplenented in the sane way as for
points, with an additional rowin the *symtxt table to control the placenment
of the | ow accuracy synbol .

It is also possible for the synbolization of an area feature to require
multiple rows to specify the conponents of the full area synbol. This
situation will exist for those area features requiring both a solid fill and a
pattern fill. In this case, the two area synbols will be specified using two
rows in the *symtxt file with the row specifying the solid fill always
preceding the row specifying the pattern fill. |If the sane area feature al so
requires a boundary and/or a centered point synbol, those synbols will be
specified on separate rows inmedi ately follow ng the area synbol rows.

Section 6.5 explains the ramfications of this approach in nore detail

For these reasons, as well as for the placenent of text |abels (see section
6.4.1.5), it is crucial that application software access all rows fromthe
*symtxt file for a given product/delineation/feature code in order to ensure
full synbolization for any feature.

6.4.1.5 Text as Label Attributes The use of text in the GeoSym
synbology is limted to those features that had a popul ated | abel attribute,
such as NAM for non-DNC products. 1In DNC, text |abels are assigned only for
t hose features whose correspondi ng S57 object class has a text |abel assigned
per the S52 Presentation Library |ookup tables. For those features that
require text labels, there will be additional rows in the *symtxt file that
contain the information required to place the desired text |abel. The first
itemof information is the name of the attribute that contains the val ue that
is to be placed as text. This attribute name will be contained in the |abatt
field. The attribute specified may be of type text (such as nam, short fl oat
(such as hdp), or short integer (such as ntc). Furthernore, the short integer
may be a code whose English neaning is defined in the int.vdt of the VPF™
product data. Application software nust behave appropriately when accessing a
| abel attribute in order to place the desired text |abel

The second item of information contained in the *symtxt file is a pointer to
arowin the associated text.txt file. This file contains the display
characteristics to apply to the | abel being placed. Possible values for the
font, style, and justification are defined in the code.txt file. The nine
basic justifications are avail able as well as one naned “sounding text” for
use with soundings. The font size is always 10 point. Placenment of the text
is based on offset distance (tdist) fromthe feature synbol origin and
direction in degrees fromnorth (tdir).

Text can be placed on point, line or area features and is not rotated. The
pivot-point (origin) for text for an area feature is the center of the area.
The pivot-point for text for a linear feature is the center of a single
segnment line. For a multi-segnent line, the pivot-point is the nidpoint of
the run-length of the Iinear feature

6.4.1.6 Special Cases The foll owi ng paragraphs docunent situations
that are unique and require special processing to achieve the correct
synbol i zati on.

6.4.1.6.1 Default Synbology Although all efforts have been made to
synbolize all features according to the appropriate synbol ogy specifications,
shoul d the application software be unable to determ ne at | east one “true”
condition for a particular instance of a feature in the VPF™ dataset, there
are default CGvs provided on the GeoSym CD for displaying that feature. The
following table identifies which synbol should be used to synbolize an
“unknown” point, line, or area feature.
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Table 3. Synbols to Place for Unknown Features

Unknown Feature Type Poi nt Synbol to Pl ace Li near Synmbol to Pl ace
Point (full chart or

si npl i fied) 5000. cgm

Li ne 5001. cgm

Area — Full Chart 5000. cgm 5001. cgm

Area - Sinplified 5000. cgm 0634. cgm

Note that the default synbols should only be placed under two conditions:
1. There is no rowin the *symtxt file for the feature (fcode)
2. After evaluating all rows in the *symtxt file for that fcode, there is
no row that results in an evaluation of “true”

6.4.1.6.2 Open Water and Depth Area Display. Wen a product includes
both the Open Water area feature (BA040) as well as Depth Area area features
(BE010 in DNC, BEO19 in all other products), it is possible that the nore
generic synbolization for the Open Water feature can overwite the specific
synmbol i zation of the Depth Area feature. The intention is for one or the
other feature to be displayed at any one tine, but not both. Wen a product
has both features present in the data, GeoSym application software shoul d
all ow the user to choose which feature to display.

6.5 Display Herarchy. 1In order to ensure that features that overlap
each other are drawn in the correct sequence, the GeoSym application software
nmust allow for the definition of a display order for the features being
di spl ayed. GeoSym uses four “nested” nethods to define the order in which
synmbol s shoul d be displ ayed.

1. Display priority

2. Feature delineation

3. Order of rows in *symtxt
4. Synbol type

6.5.1 Display Priority. The first criterion to use to determ ne the
order to display features is the display priority. Each rowin the *symtxt
file defines a display priority number to that specific feature/attribute.
The display priority is a value between 0 and 9, where 9 identifies the
hi ghest priority. A feature/attribute with a higher priority should be
di spl ayed after (on top of) one with a lower priority. For DNC, the val ues
contained in the display priority field are defined based on the S52 | ookup
tables. Each DNC feature/attribute was napped to a correspondi ng S57 object
class/attribute. The S52 | ookup tables were then utilized to obtain the
di splay priority values assigned to each object class. For all other
products, the display priority values were based on cartographic experience
wi th the correspondi ng hardcopy map/chart.

6.5.2 Feature Delineation. Once the features to be displayed have been
sorted based on display priority, they nmust then be sorted by their
delineation (area, line, point). |If the display priority is equal anong
features, then the “painter’s algorithn’ should be used to display the area
features first, followed by the |inear features and then the point features

6.5.3 Oder of Rows in *symtxt. The third criterion that affects the
di splay order is the order of the rows in the *symtxt file. The order nust
be used to correctly display the final synbology for those features whose
symbol ogy consi sts of synbol conmponents, including text |abels.

6.5.3.1 Point Features with Conponents. For point features (e.g.
buoys, beacons, lights) that are conposed of several synbol conponents,
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di spl ayi ng the conponents according to the order of the rows in the *symtxt
file will result in the properly constructed conposite symnbol .

6.5.3.2 Area Features with Miultiple Fills. There are sone area
features (e.g., Maritine Areas) that require both a solid fill and one or nore
pattern fills. Since the areasymcolum can only contain a single CGMV
reference, there is a separate rowin the *symtxt file for each of the area
synbols, as well as for the Iine synbol and/or point synbol that apply to the
specific area feature. These nultiple rows will be ordered in the *symtxt
file according to the order in which the synbols are to be displayed on the
screen: solid fill, pattern fill (may be nore than one), |inear boundary,
centered point synbol (may be nore than one).

6.5.3.3 Features with Text Labels As a general rule, the display
priority specified for a feature's text |abel (s) is the highest value
possi bl e, regardl ess of the display priority assigned to the base feature. 1In
DNC, all text labels will have a display priority of 8 (per IHO S52). 1In al
ot her products, text |abels have a display priority of 9. Therefore, the text
| abels will by default be displayed on top of all other synbols since the
display priority value is the first criterion controlling the order of
synbol ogy di splay on the screen. However, it is possible that a critica
feature in a product (e.g., area bridges in DNC) nmay be assigned the sane high
priority as the text label for that feature Since the row(s) defining the
text label(s) will always follow the row(s) defining the CGM synbols for a
feature, displaying the symbols and text |abels according to the order of the
rows in *symtxt will still result in the correct final synbology for a
feature being displayed.

6.5.4 Synbol Type. The final criterion for determning the order for
synbol display applies only to area features. Area features can be synbolized
by any conbi nation of centered point synbol, |inear boundary , solid fill
and/ or pattern fill. Except for the special case where an area feature's
synbol ogy requires both a solid and pattern fill(s) (see section 6.5.3.2), al
synbols for an area feature will be specified in the sane row of the *symtxt

file. In other words, any or all of the synbol colums may be populated. In
t hese cases, the synhbols are to be displayed according to the sane “painter’s
algorithnt that applies at the feature level: the area synbol (from areasyn)

shoul d be drawn first, followed by the linear synbol (fromlinesym followed
by the point synbol (from pointsym

6.6 Color 1HO defines the color token as a nmeans by which colors are
defined within synbol conmponents. The application of the color token allows a
great deal of flexibility for those synbols defined. The need for such
flexibility is a requirenent of ECD S which nmandates that symbols be nade
avail able for optimal viewing in nultiple lighting conditions. Wthout having
to maintain a different symbol set for each lighting condition, a token acts
as a slot for assigning defined CIE colors for a given anbient |ight
condi ti on.

It is necessary to informapplication software as to what token is being
assigned per primtive in order for it to apply the correct |ocal RGE val ues
for display on a |l ocal calibrated device based on the anbient view ng
conditions. Froma synbolization devel opnment standpoint, it was al so
necessary to enploy the use of a "view ng" RGE color table for authoring and
quality control of synbols designed. Additionally, the GeoSym devel opnent
task is not linted to the devel opnent of synbol ogy to support hydrographic
VPF™ products, but also those of aeronautical and topographic products --
products whi ch have not yet nandated the nodification of the appearance of
digital displays based on anbient lighting conditions. This variation neant
that the design nust not only be optim zed for hydro exploitation, but also
continue to support color static synbolization procedures. The col or
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signature design has been inplenmented with the use of the CGM col or index
function. Each CGVMfile has within it a color table, which has been
standardi zed over the CGM synbol |ibrary. Each color index value correl ates
to one of the 64 defined IHO color tokens. An additional 25 RGB tripl et
“pseudo-tokens” are colors used to support non-hydro synbolization

The tokens and pseudo-tokens are nunbered using the col or index val ues
utilized within the CGM structure, which correlate to the RGB triplets in the
external color index table, naned color.txt in the GeoSym product, as well as
to the application attribute structure, |1C Col orNaneTable. An identical table
exists within each CGM (the COLRTABLE el enent) in order for the col or index
val ue assignnments fromthe authoring application to be correctly assigned and
interpreted. The RGB values are used only in supporting the color definitions
for non-hydro synbol primtives (where an appropriately colored token was not
avai l abl e), for authoring and in-house QC, and for reviewer inspection. The
RGB val ues shown for I HO col or tokens are derived froma startup table found
for a given lighting condition and devi ce. Though nore conpl ex versions of CGM
i mpl enentations may enploy the CIE color tables with enbedded calibration
information, it is felt that this procedure would not be as useful, nor
feasible to support since the calibration of devices on so nmany

pl atforns/sites cannot be antici pated nor predeterm ned.

The hydrographic view ng applications are to substitute the color index val ue
with that of the assigned color token. There are two nmethods that may be
utilized to acconplish this. The software may access the appropriate row from
the color.txt file or it may access the appropriate value fromthe

| C_Col or NaneTabl e el enent in each CGW This application attribute structure
contai ns the token or pseudo-token nane that corresponds to the RG triplets
in the COLRTABLE el enent. Once the application has obtained the correct col or
token, it nust obtain the anbient viewi ng condition (supplied by a user
interface) and the appropriate device-dependent col or | ookup tables which have
been created through CRT calibration procedures for the local view ng device.
The application will use these derived RG values to correctly display the
synbol ogy. O her users may nmake use of the REB triplets in the display, or
substitute using local |ookup tables. In this way, the definition of ECD S
col or token colors may be done for non-hydrographi c product features as well.

6.7 Error Handling Error recovery will be handled in accordance with
the error handling plan laid out in ISOIEC 8632-1 Functional Specification
Annex D. The SAM specifies that error handling extend only to requirenents
for error recovery. Qher aspects of error handling, such as classification
of error severity and error reporting, are not required.

7. NOTES

7.1 Intended Use. This handbook is intended to suppl enent the
i nfornmati on contained in ML-PRF-89045 and informusers of GeoSym about key
itenms that warrant special attention in either the devel opnent of software to
exploit GeoSymor in the expansion of the synbol assignnent files to include
future products.

7.2 Supersession data. This handbook supersedes all previous versions
of this docunent, including the Draft MIlitary Handbook Geospatial Synbols for
Digital Displays (GeoSym, dated 20 February 1998, which suppl enented the
design of an earlier version of GeoSym This handbook is the official initial
rel ease of this docunent and corresponds with the final design of GeoSym
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7.3 Subject term (key word) listing.

Act i veCGM

Application attribute structure
Attribute expression
Buoys, Beacons, Lights
cam

Col or token

Conponent

Conposite

Display Priority
GeoSym

Line Style

Soundi ngs

Synbol ogy

Text Label

Version 4
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APPENDI X A

ADDI TI ONAL REFERENCES
SCOPE

A 1.1 Scope. This appendix provides a |list of additional reference

sources for the elenents of synbol ogy information contained in section 4
her ei n.

A 2

A 4

APPLI CABLE DOCUMENTS

This section is not applicable to this appendi x.
DEFI NI TI ONS

This section is not applicable to this appendi x.
ADDI TI ONAL REFERENCES FOR SYMBOLOGY TOPI CS

Sci ence Applications International Corporation, (SAIC) 1992. "Digital
Synbol ogy Techni cal Considerations Report". Prepared under contract

NI MA600-91- D- 0001 for the U S. Defense Mappi ng Agency Systems Center,
Fairfax, Virginia.

Sci ence Applications International Corporation, (SAIC) 1993. "Final
Report Digital Synmbol ogy, Phase Ill Draft". Prepared under contract
NI MA600- 91- D- 0001 for the U S. Defense Mappi ng Agency Systems Center,
Fairfax, Virginia.

Sci ence Applications International Corporation, (SAIC). "Vector Product
Format Symbol ogy M Iitary Handbook", March 1996

Itten, Johannes, The El enents of Color, Translated by Ernst Van Hagen.
Van Nostrand Rei nhold, New York, 1971.

Robi nson, AR, Sale, R, Mrrison, J.
Wley & Sons, 1978.

, Elenents of Cartography, John

Dent, Borden, Principles of Thematic Map Design, Addi son-Wesley
Publ i shi ng Conpany, 1985.

CGM Handbook - Henderson, Lofton R Munford, Anne E Academ c Press,
London, 1993 | SBN0125105606.

Interactive Computer Graphics Burger, Peter and Gllies, Duncan Addi son
Wesl ey, Wocki ngham 1989.

Fundanental s of Interactive Computer G aphics Foley, Janes D, and Van
Dam Andries Addi son Wesl ey, Readi ng, 1983.
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